We recently described rapid quantitative pharmacodynamic imaging, a novel method for estimating sensitivity of a biological system to a drug. We tested its accuracy in simulated biological signals with varying receptor sensitivity and varying levels of random noise, and presented initial proof-of-concept data from functional MRI (fMRI) studies in primate brain. However, the initial simulation testing used a simple iterative approach to estimate pharmacokinetic-pharmacodynamic (PKPD) parameters, an approach that was computationally efficient but returned parameters only from a small, discrete set of values chosen a priori.
Simulated data
We used a standard sigmoid PKPD model (Holford and Sheiner, 1982) to create 6 time-effect curves that could 31 reasonably represent biological signal from a pharmacological challenge study: one with no response to drug 32 (E max = 0) and five with varying sensitivities to drug: E max = 10 and EC 50 ∈ {0.25, 0.6, √ 2, π, 7.5}. 33 As in the previous work, the concentration of drug in plasma over time is modeled as
where K doses of drug, D k , are given at times t k , u(t) is the unit step function, t s (for "time shift") is a fixed delay between drug concentration and effect, and t 1/2 is the elimination half-life of drug from plasma (Black et al., 2013) . Drug effect is modeled as
where C is C(t) from the previous equation and n represents the Hill coefficient. Baseline nonquantitative signal drift was simulated by adding to each curve a quadratic function of time
The full model is then
The test curves were generated using K = 4, D 1 = D 2 = D 3 = D 4 = the dose of drug that produces a peak plasma 34 concentration of 1 (arbitrary concentration units), t s = 0.5 min, t 1/2 = 41 min, n = 1, a 0 = 1000, a 1 = 2/(40 min), 35 and a 2 = 0. The 6 resulting curves are shown in Figure 1 . Finally we added Gaussian noise to each time point. This was done 1000 times for each of the 6 curves above 38 and for each of 8 noise levels from SD = 0.01E max to 2E max , resulting in 48,000 noisy time-signal curves plus 39 the original 6 "clean" curves (see Supplemental Data).
40
Testing the method using the simulated data 41 In the simulated data described above, each of the 48,006 time courses were analyzed using the "Image Model 42 Selection" package from the Bayesian Data-Analysis Toolbox (Bretthorst and Marutyan, 2014; Bretthorst, 2014).
43
The Toolbox computes the posterior probability for the set of models (Bretthorst, 1988) given a 4d data set. Panel, relevant panel in Figure 7 . Prob., probability of the full PKPD model. EC 50 , the ratio of EC 50 to the peak concentration C max after a single 25 µg/kg dose of drug. E max is in BOLD signal units, and t 1/2 and t s are in minutes.
